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Description 
SOFT-START CHARGE PUMP CIRCUIT 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a charge pump circuit 
and, more particularly, to a charge pump circuit capable 
of generating a soft-start pumping voltage for so appro- 
priately driving a power switch as to suppress maximum 
inrush current upon activation. 

[0003] 2. Description of the Related Art 

[0004] charge pump circuits, or capacitive voltage multipliers, 
are circuits that generate a voltage larger than a supply 
voltage from which the charge pump circuits operate. With 
such voltage boosting ability, the charge pump circuits 
can be applied to provide from a single supply voltage 
source desired pumping voltages for electronics systems 
consisting of various components that operate with differ- 
ent voltages, such as portable computers, thereby avoid- 
ing additional employment of independent high voltage 



sources. 

[0005] on the other hand, a variety of peripheral devices coupled 
to the portable computers through universal serial bus 
(USB) or other type connecting ports also need power from 
the supply voltage source. In this case, the charge pump 
circuits may be applied to drive power switches, which are 
typically implemented by NMOS transistors and provided 
to control switching operations between the supply volt- 
age source and the peripheral devices. Through supplying 
a gate electrode of the NMOS power switch transistor with 
a voltage much higher than that at its drain electrode, the 
charge pump circuits can so fully turn on the NMOS power 
switch transistor as to provide a minimum ON resistance 
during normal operations of the peripheral devices. 

[0006] FIG. 1(a) is a circuit block diagram showing a conventional 
charge pump circuit 11 applied to drive a power switch 
10. Referring to FIG. 1(a), the power switch 10 imple- 
mented by an NMOS transistor has a drain electrode D as 
an input terminal and a source electrode S as an output 
terminal. The drain electrode D of the power switch 10 is 
connected to a supply voltage source V while the source 
electrode S provides an output voltage V for external 

out 

loads (not shown), such as the peripheral devices with USB 



connecting plugs. In addition, an output capacitor C is 

o 

connected between the source electrode S of the power 
switch 10 and a ground potential. The charge pump cir- 
cuit 11 converts the supply voltage source V jn into a 

higher pumping voltage V for controlling a gate elec- 

pp 

trode G of the power switch 10. When the voltage at the 
gate electrode G of the power switch 10 is considerably 
higher than the supply voltage source V jn at the drain 
electrode D, the power switch 10 is fully turned on to pro- 
vide a minimum ON resistance such that the output volt- 
age V at the source electrode S of the power switch 10 
is almost equal to the supply voltage source V jn at the 
drain electrode D. As a result, the supply voltage source V 
is effectively provided to the external loads. When the 
power switch 10 is turned on, an ON current I is flowed 

on 

from the supply voltage source V , passing the power 

in 

switch 10 through the drain electrode D to the source 
electrode S, for supplying the external loads and the out- 
put capacitor C . 

o 

[0007] The pumping operation of the charge pump circuit 11 is 
under the control of at least one overlapping or non- 
overlapping clock signals 13 with a constant amplitude 
output from a clock generator 12. Conventionally, each of 



the constant amplitude clock signals 13 is a pulse train in 
synchronization with respect to each other, whose fre- 
quency is determined by an oscillation signal 15 with a 
predetermined frequency output from an oscillator 14. For 
example, the charge pump circuit 11 may be a well- 
known Dickson type charge pump, as shown in FIG. 1(b). 
Referring to FIG. 1(b), the charge pump circuit 11 may in- 
clude a plurality of serially-connected charge pump 
stages, one of which is labeled 110. Each charge pump 
stage includes a diode 111 and a pump capacitor 112, 
and has an input node 113 and an output node 114. In 
this Dickson type charge pump, the constant amplitude 
clock signals 13 output from the clock generator 12 are a 
complementary pair of clock signals CLK1 and CLK2 for 
driving the various pump stage capacitors. Odd- 
numbered pump stages are driven by the clock signal 
CLK1 while even-numbered pump stages are driven by the 
clock signal CLK2. The input node 115 of the first serially- 
connected charge pump stage is usually connected to the 
supply voltage source V . A final isolation diode 116 may 
be considered as part of the last serially-connected 
charge pump stage, from which the pumping voltage V 

pp 

of the charge pump circuit 11 is asserted. 



[0008] The clock signals CLK1 and CLK2 may be overlapping or 
non-overlapping clock signals with the constant ampli- 
tude V , for boosting the voltage conveyed to its input 
node by an amount equal to the clock amplitude V mi- 
nus a forward diode drop V , i.e. V -V . If the effect of 

K d elk d 

the final isolation diode 116 is included, the maximum 
theoretical pumping voltage V is equal to N-V_ |k -(N+1)-V 
, where N is the number of charge pump stages. 
[0009] FIGs. 2(a) to 2(c) are operational timing charts showing 
the conventional charge pump circuit 11 of FIG. 1(a) ap- 
plied to drive the power switch 10. More specifically, FIG. 
2(a) is a timing chart showing the pumping voltage V 

pp 

generated by the charge pump circuit 11. FIG. 2(b) is a 
timing chart showing the output voltage V of the power 
switch 10. FIG. 2(c) is a timing chart showing the ON cur- 
rent I flowing through the power switch 10. Referring to 

on 

FIG. 2(a), the pumping voltage V^^ is zero before a time T~ a 
because the charge pump circuit 11 stays at a disable 
state then. The charge pump circuit 11 is activated on the 
time T , starting the voltage boosting operation. During a 

A 

transient period from the time T until the time T , the 

r A B 

pumping voltage V of the charge pump circuit 11 rapidly 

pp 

rises from zero to a stable maximum, such as N-V 



-(N + 1)-V d , as described above. By the time T g the charge 

pump circuit 11 reaches a stable operational state at 

which the pumping voltage V remains stable. 

pp 

[0010] Referring to FIGs. 2(b) and 2(c), the power switch 10 is 

turned off before the activation time T since the pumping 

voltage V of the charge pump circuit 11 is smaller than 
pp 

a threshold voltage of the power switch 10, so the output 
voltage V is zero and the ON current I is also zero. 

out on 

After the pumping voltage V of the charge pump circuit 

pp 

11 rises above the threshold voltage, the power switch 10 
is turned on to start charging the output capacitor C , re- 

o 

suiting in an increase of the output voltage V of the 

out 

power switch 10. Since the pumping voltage V of the 

pp 

charge pump circuit 11 drives the power switch 10 to pro- 
vide the minimum ON resistance, the output voltage V 

out 

of the power switch 10 almost reaches the supply voltage 
source V by a time T . 

in 1 C 

[0011] when applied to drive the power switch 10, the conven- 
tional charge pump circuit 11 inevitably brings about a 
problem on the activation of the power switch 10. Due to 

the rapid increase of the pumping voltage V of the 

pp 

charge pump circuit 11, it takes a relatively short time af- 
ter the activation for the power switch 10 to provide the 



minimum ON resistance. However, since the output volt- 
age V is zero upon the activation time because the out- 

3 out 

put capacitor C has not yet been charged, the supply 

o 

voltage source V produces through the power switch 10 

in 

an extremely large ON current I , i.e. the inrush current. 

on 

If the maximum inrush current I receives no cure or 

peak 

appropriate suppression, the supply voltage source V 

in 

possibly drops with a great degree during the activation 
or the power switch 10 may even be burned by the maxi- 
mum inrush current I 

peak 

Summary of Invention 

[0012] | n v j ew 0 f the above-mentioned problem, an object of the 
present invention is to provide a charge pump circuit ca- 
pable of generating a soft-start pumping voltage, which 
increases relatively slowly after the activation. 

[0013] Another object of the present invention is to provide a 
charge pump circuit capable of driving a power switch in 
such a way that the maximum inrush current is appropri- 
ately suppressed. 

[0014] According to the present invention, a charge pump is 

driven by at least one clock signal, for converting a supply 
voltage source into a pumping voltage. The pumping volt- 
age is a function of an amplitude of the at least one clock 



signal such that an absolute value of the pumping voltage 
is larger when the amplitude of the at least one clock sig- 
nal is larger. The amplitude of the at least one clock signal 
is so modulated as to gradually change from an activation 
value during an amplitude modulation period. The ampli- 
tude modulation period lasts longer than a period of the 
at least one clock signal by one or more metric orders. 
The charge pump is activated by the at least one clock 
signal with the amplitude of the activation value such that 
the absolute value of the pumping voltage thus generated 
is relatively small. After the activation the charge pump is 
controlled in such a way that the absolute value of the 
pumping voltage gradually changes along with the modu- 
lation of the amplitude of the at least one clock signal. 
Therefore, a rising rate of the absolute value of the pump- 
ing voltage is suppressed. 
[0015] Preferably, the amplitude of the at least one clock signal 
reaches a stable value after the amplitude modulation pe- 
riod. 

[0016] Preferably, the stable value is equal to the supply voltage 
source. 

[0017] Preferably, the amplitude of the at least one clock signal is 
determined by a gradually increasing potential difference 



across a capacitor when the capacitor is charged. 
[0018] Preferably, the pumping voltage is applied to control a 
power switch. 

[0019] Preferably, the at least one clock signal is generated by a 
clock amplitude modulator. The clock amplitude modula- 
tor includes: a soft-start controller for generating a soft- 
start control signal; and a level shifter for modulating the 
amplitude of the at least one clock signal in response to 
the soft-start control signal. 

[0020] Preferably, the soft-start control signal is a voltage signal 
with a gradually changing level. 

[0021] Preferably, the amplitude of the at least one clock signal is 
determined by the gradually changing level of the soft- 
start control signal. 

[0022] Preferably, the soft-start controller includes: a switch ca- 
pacitor equivalent resistor having a first terminal and a 
second terminal, the first terminal being connected to the 
supply voltage source; and a charging capacitor connected 
between the second terminal and a ground potential such 
that the soft-start control signal is asserted at the second 
terminal. 

[0023] Preferably, the level shifter includes at least one clock 

channel for respectively generating the at least one clock 



signal. Each of the at least one clock channel has an out- 
put stage inverter whose power supply terminal is coupled 
to receive the soft-start control signal, thereby respec- 
tively controlling the amplitude of the at least one clock 
signal. 

[0024] Preferably, each of the at least one clock channel further 

includes an input stage inverter having a power supply 

terminal coupled to receive the supply voltage source for 

providing a constant amplitude clock signal to the output 

stage inverter. 
Brief Description of Drawings 

[0025] The above-mentioned and other objects, features, and 

advantages of the present invention will become apparent 
with reference to the following descriptions and accompa- 
nying drawings, wherein: 

[0026] FIG. 1(a) is a circuit block diagram showing a conventional 
charge pump circuit applied to drive a power switch; 

[0027] FIG. 1(b) is a detailed circuit diagram showing a conven- 
tional charge pump circuit; 

[0028] FIGs. 2(a) to 2(c) are operational timing charts showing a 
conventional charge pump circuit applied to drive a power 
switch, wherein FIG. 2(a) is a timing chart showing a 
pumping voltage generated by the charge pump circuit, 



FIG. 2(b) is a timing chart showing an output voltage of 
the power switch, and FIG. 2(c) is a timing chart showing 
an ON current flowing through the power switch; 

[0029] FIG. 3(a) is a circuit block diagram showing a soft-start 
charge pump circuit according to the present invention 
applied to drive a power switch; 

[0030] FIG. 3(b) is a waveform timing chart showing an example 
of amplitude modulating clock signals according to the 
present invention; 

[0031] FIG. 4(a) is a circuit block diagram showing a clock ampli- 
tude modulator according to the present invention; 

[0032] FIG. 4(a) is a detailed circuit diagram showing an example 
of a clock amplitude modulator according to the present 
invention; 

[0033] FIGs. 5(a) to 5(d) are operational timing charts showing a 
soft-start charge pump circuit according to the present 
invention applied to drive a power switch, wherein FIG. 
5(a) is a timing chart showing a soft-start control signal 
output from a soft-start controller, FIG. 5(b) is a timing 
chart showing a soft-start pumping voltage generated by 
the soft-start charge pump circuit, FIG. 5(c) is a timing 
chart showing an output voltage of the power switch, and 
FIG. 5(d) is a timing chart showing an ON current flowing 



through the power switch; and 

[0034] piGs. 6(a) to 6(c) are detailed circuit diagrams showing 

three examples of a clock-amplitude-dependent charge 

pump according to the present invention. 
Detailed Description 

[0035] The preferred embodiments according to the present in- 
vention will be described in detail with reference to the 
drawings. 

[0036] FIG. 3(a) is a circuit block diagram showing a soft-start 

charge pump circuit 31 according to the present invention 
applied to drive a power switch 30. As apparently seen by 
comparing FIG. 3(a) with FIG. 1(a), the circuit shown in 
FIG. 3(a) is obtained simply through replacing the conven- 
tional charge pump circuit 11 of FIG. 1(a) with the soft- 
start charge pump circuit 31 according to the present in- 
vention. The power switch 30 shown in FIG. 3(a) is identi- 
cal to the power switch 10 shown in FIG. 1(a) except that 
the power switch 30 is driven by the soft-start charge 
pump circuit 31. Therefore, the circuit components in FIG. 
3(a) similar to those in FIG. 1(a) should refer to FIG. 1(a) 
and hereinafter detailed descriptions thereof are ne- 
glected for the sake of simplicity. 

[0037] Referring to FIG. 3(a), the soft-start charge pump circuit 



3 1 under the control of the at least one constant ampli- 
tude clock signals 13 converts the supply voltage source V 



in 



to a pumping voltage V with a soft-start characteristic, 

pps 

for being applied to control the gate electrode of the 
power switch 30. The pumping voltage V with the soft- 

pps 

start characteristic is referred to that it takes a relatively 
longer transient period for the soft-start pumping voltage 
V to upwardly reach a stable value from an activation 

pps 

value than for the conventional pumping voltage V . That 

pp 

is, the soft-start pumping voltage V has a relatively 

pps 

slow rate of increase during the transient period. More 
specifically, the soft-start charge pump circuit 31 includes 
a clock amplitude modulator 311 and a clock-ampli- 
tude-dependent charge pump 312. The clock amplitude 
modulator 311 is employed to perform amplitude modu- 
lation on the at least one constant amplitude clock signals 
13 received by the soft-start charge pump circuit 31, 
thereby generating at least one amplitude modulating 
clock signals 313. The clock-amplitude-dependent charge 
pump 312 is referred to as a charge pump whose pump- 
ing voltage V is dependent on the amplitude of the clock 
pp 

signals, i.e. the pumping voltage V is a function of the 

pp 

clock amplitude V^. Typically, the pumping voltage V 



generated by the clock-amplitude-dependent charge 
pump 312 is larger when the amplitude of the clock sig- 
nals is larger. For example, the Dickson type charge pump 
11 shown in FIG. 1(b) is one kind of the clock-ampli- 
tude-dependent charge pumps since its pumping voltage 
V has the functional relationship N-V -(N+l)-V with 

pp ^ elk d 

the clock amplitude V_ |k and a larger pumping voltage V 
is obtained from a larger clock amplitude V . Based on 
such characteristic of the clock-amplitude-dependent 
charge pump 312, the soft-start charge pump circuit 31 
according to the present invention effectively generates 
the soft-start pumping voltage V . More specifically, in 

pps 

one embodiment of the soft-start charge pump circuit 31 
according to the present invention, the at least one ampli- 
tude modulating clock signals 313 are designed as the 
clock signals with a continuously changing amplitude that 
gradually increases from a minimum upon the activation 
of the soft-start charge pump circuit 31 to a stable maxi- 
mum. Consequently, the soft-start pumping voltage V 

pps 

generated by the soft-start charge pump circuit 31 grad- 
ually increases along with the slow rise of the amplitude 
of the amplitude modulating clock signals 313. 
[0038] FIG. 3(b) is a waveform timing chart showing an example 



of the amplitude modulating clock signals 313 according 
to the present invention. Referring to FIG. 3(b), the ampli- 
tude modulating clock signals CLKS1 and CLKS2 are a 
complementary pair of the amplitude modulating clock 
signals 313. The amplitude modulating clock signals 
CLKS1 and CLKS2 may be obtained through using the 
clock amplitude modulator 311 to convert the conven- 
tional clock signals CLK1 and CLK2 with the constant am- 
plitude V shown in FIG. 1(b). As a result, the amplitude 

elk 

modulating clock signals CLKS1 and CLKS2 have an am- 
plitude which is minimum upon the activation, gradually 
increases thereafter, and reaches the stable maximum V 

elk 

after a predetermined amplitude modulation period T 

amp 

In one embodiment according to the present invention, 
the stable maximum V is set to be equal to the supply 

elk 

voltage source V . The amplitude modulation period T 

in amp 

may be modified longer or shorter in accordance with the 
requirement and specification of the practical circuit ap- 
plication. The length of the amplitude modulation period 
T directly affects the length of the transient period of 

amp 

the soft-start pumping voltage V from the activation 

pps 

value to the stable value. In one embodiment of the 
present invention, the amplitude modulation period T 

amp 



is set to last longer than a period T of the clock signals 
by at least one metric order. In another embodiment of 
the present invention, the clock period T is about 10 

elk 

microseconds (us) while the amplitude modulation period 
T is about 2.5 milliseconds (ms). 

amp 

[0039] it should be noted that in the soft-start charge pump cir- 
cuit 31 according to the present invention, the clock- 
amplitude-dependent charge pump 312 has already been 
activated to perform the voltage boosting operation dur- 
ing the amplitude modulation period T . During the 

amp 

amplitude modulation period T , the soft-start pumping 

amp 

voltage V of the clock-amplitude-dependent charge 

pps 

pump 312 gradually increases along with the slow rise of 
the amplitude of the amplitude modulating clock signals 
313 since the soft-start pumping voltage V is depen- 

pps 

dent on the amplitude of the amplitude modulation clock 
signals 313. 

[0040] FIG. 4(a) is a circuit block diagram showing the clock am- 
plitude modulator 311 according to the present invention. 
Referring to FIG. 4(a), the clock amplitude modulator 311 
includes a soft-start controller 41 and a level shifter 42. 
The soft-start controller 41 outputs a soft-start control 
signal V to the level shifter 42. In response to the soft- 



start control signal V , the level shifter 42 changes the 
constant amplitude of the conventional clock signals 13 
so as to generate the amplitude modulating clock signals 
313. The soft-start control signal V is employed to de- 

ss 

termine the amplitude modulation applied for the ampli- 
tude modulating clock signals 313, including the mini- 
mum amplitude upon the activation, the maximum ampli- 
tude when reaching stable, the length of the amplitude 
modulation period T , and/or how the amplitude 

amp 

changes during the amplitude modulation period T , for 

amp 

example. 

[0041] FIG. 4(b) is a detailed circuit diagram showing an example 
of the clock amplitude modulator 311 according to the 
present invention. Referring to FIG. 4(b), the soft-start 
controller 41 includes two switches S and S and two ca- 

1 2 

pacitors C and C . The switches S and S are controlled 

^12 12 

to be alternately turned on with respect to each other and 
will not be turned off at the same time. When the switch S 

i 

is turned on, the supply voltage source V jn charges the ca- 
pacitor C i through the switch S . When the switch S 2 is 
turned on, the capacitor C discharges through the switch 
S 2 to the capacitor C^. According to the well-known switch 
capacitor technique, the circuit constructed by the 



switches S i and S 2 and the capacitor C i may be consid- 
ered as an equivalent resistor R coupled between the 

eq 

supply voltage source V and the capacitor C^. Therefore, 
the supply voltage source V charges the capacitor 
through the equivalent resistor R , resulting in that a po- 

eq 

tential difference across the capacitor gradually in- 
creases with a time constant R -C . The potential differ- 

eq 2 K 

ence across the capacitor may be an appropriate can- 
didate for the soft-start control signal V . In the embodi- 

3 ss 

ment shown in FIG. 4(b), the potential difference across 
the capacitor is output to the level shifter 42 through 
an output buffer circuit 43, thereby producing a soft-start 
control signal V with an enhanced driving ability. The 
output buffer circuit 43 includes a buffer current source I 

b 

and a buffer transistor Q . The buffer current source I is 

b b 

connected to the supply voltage source V for providing 

in 

the necessary driving current. The buffer transistor Q b is 
implemented by a PMOS transistor such that the soft-start 
control signal V in practical use is level-shifted from the 
potential difference across the capacitor (^approximately 
with a constant value, i.e. a threshold voltage of the buffer 
transistor Q . 

b 

[0042] Th e | eve | shifter 42 shown in FIG. 4(b) is applied to modu- 



late the two conventional clock signals CLK1 and CLK2 
with the constant amplitude V and, therefore, is corre- 
spondingly provided with two clock channels. More 
specifically, two inverters INV^ and INV 2 are cascaded in 
line to form one clock channel, using the inverter INV^ as 
the input stage and the inverter INV 2 as the output stage. 
In the same way, two inverters INV 3 and INV 4 are cascaded 
in line to form the other clock channel, using the inverter 
INV 3 as the input stage and the inverter INV 4 as the output 
stage. The input stage inverters INV^ and INV 3 have their 
power supply terminals coupled to the supply voltage 
source V jn while the output stage inverters INV 2 and INV 4 
have their power supply terminals coupled to receive the 

soft-start control signal V . Since each clock channel is 

3 ss 

constructed by two cascaded inverters, the clock signal 
has the same phase before and after passing the clock 
channel if the tiny time delay induced by the inverters is 
not taken into consideration. However, because the power 
supply terminals of the output stage inverters INV 2 and 
INV 4 are coupled to receive the soft-start control signal V 

, the level shifter 42 effectively outputs the amplitude 
modulating clock signals CLKS1 and CLKS2 whose ampli- 
tude changes along with the variation of the soft-start 



control signal V , as shown in FIG. 3(b). In this case, the 

ss 

amplitude modulation period T is determined by the 

amp 

time constant R -C of the soft-start control signal V . 

eq 2 ss 

[0043] it should be noted that although in the embodiment de- 
scribed above the soft-start charge pump circuit 31 em- 
ploys two clock signals, the present invention is not lim- 
ited to this and may be applied to a case that the soft- 
start charge pump circuit 31 employs one clock signal or 
three and more, overlapping or non-overlapping, clock 
signals. As for the soft-start charge pump circuit 31 em- 
ploying n clock signals where n is a positive integer, the 
level shifter 42 may be correspondingly provided with n 
clock channels for modulating the amplitude of the n 
clock signals, respectively. The n clock channels of the 
level shifter 42 may be constructed so differently with re- 
spect to each other as to provide the n clock signals with 
different modulations. Alternatively, the soft-start con- 
troller 41 may output a plurality of different soft-start 
control signals V to the level shifter 42, thereby provid- 

ss 

ing the n clock signals with different modulations. 
[0044] FIGs. 5(a) to 5(d) are operational timing charts showing 
the soft-start charge pump circuit 31 according to the 
present invention applied to drive the power switch 30. 



FIG. 5(a) is a timing chart showing the soft-start control 
signal V output from a soft-start controller 41. FIG. 5(b) 
is a timing chart showing the soft-start pumping voltage 
V generated by the soft-start charge pump circuit 31. 

pps 

FIG. 5(c) is a timing chart showing the output voltage V 
of the power switch 30. FIG. 5(d) is a timing chart showing 
the ON current I flowing through the power switch 30. In 

on 

FIGs. 5(b) to 5(d), solid lines are representative of opera- 
tional characteristics achieved according to the present 
invention while dotted lines are representative of the con- 
ventional operational characteristics shown in FIGs. 2(a) to 
2(c), for the sake of comparison and making apparent the 
utility and advantages achieved according to the present 
invention. It should be noted that only is shown in FIG. 
5(a) a single solid line because the prior art fails to pro- 
vide the soft-start control signal V^according to the 
present invention. 
[0045] Referring to FIG. 5(a), the soft-start control signal V 



ss 



gradually changes from the activation value at the time T 
to the stable value, which is set to be equal to the supply 
voltage source V in this embodiment, such that the am- 

in 

plitude of the amplitude modulating clock signals 313 
gradually increases along with the soft-start control signal 



V to become stable at V , as described above. 

ss in 

[0046] Referring to FIG. 5(b), the soft-start pumping voltage V 

pps 

is zero before the time T~ a because the soft-start charge 
pump circuit 31 stays at a disable state. The soft-start 
charge pump circuit 31 is activated on the time T , start- 
ing the voltage boosting operation. Since the amplitude of 
the amplitude modulating clock signals 313 begins to 
gradually increase upon the activation time T , the soft- 
start pumping voltage V of the soft-start charge pump 

pps 

circuit 31 rises with a slower rate of increase than the 

pumping voltage V of the conventional charge pump 11 

pp 

does. Compared with the conventional pumping voltage V 

which is stable by the time T , the soft-start pumping 
pp b' a 

voltage V takes a significantly longer time to reach sta- 

pps 

ble. 

[0047] Referring to FIGs. 5(c) and 5(d), the power switch 30 is 
turned on later than the power switch 10 because the 
soft-start pumping voltage V rises with a slower rate, 

pps 

resulting in a later activation of the output voltage V of 

out 

the power switch 30. As described above, the soft-start 
pumping voltage V is applied to control the gate elec- 

pps 

trode of the power switch 30. Due to its proportional rela- 
tionship to the gate voltage, the ON resistance of the 



power switch 30 decreases along with the increase of the 
soft-start pumping voltage V . Because the soft-start 

pps 

pumping voltage V increases with the slower rate than 

pps 

the conventional pumping voltage V does, the ON resis- 

pp 

tance of the power switch 30 never falls suddenly to the 
minimum shortly after the activation. As a result, the 
power switch 30 utilizes the gradually reducing ON resis- 
tance to effectively suppress the ON current I flowing 

on 

through itself, especially to suppress the inrush current 
when the output capacitor C has not yet been charged 

o 

upon the activation. 
[0048] | n one embodiment of the present invention, assumed 
that the supply voltage source V is about 5 volts, the 
conventional output voltage V takes about 200 mi- 
croseconds (us) to reach 5 volts from the activation of the 
charge pump circuit 11 while the output voltage v out ac_ 
cording to the present invention takes about 800 mi- 
croseconds (us) to reach 5 volts from the activation of the 
soft-start charge pump circuit 31. In this case, the con- 
ventional maximum inrush current I is about 5.4 am- 

peak 

peres (A) while the maximum inrush current I accord- 
peaks 

ing to the present invention is about 1.1 amperes (A). 
Therefore, the soft-start charge pump circuit 31 effec- 



tively suppresses the inrush current and can be applied to 
appropriately drive the power switch 30. 

[0049] FIGs. 6(a) to 6(c) are detailed circuit diagrams showing 
three examples of a clock-amplitude-dependent charge 
pump 312 according to the present invention. Referring to 
FIG. 6(a), a charge pump stage 61 is identical in the circuit 
function to one stage 110 of the Dickson type charge 
pump shown in FIG. 1(b) except that a diode-connected 
NMOS transistor 611 is employed to implement the diode 
111 shown in FIG. 1(b). A pump capacitor 612 may be 
driven by the amplitude modulating clock signals CLKS1 
and CLKS2, depending on whether the pump capacitor 
612 belongs to the odd-numbered pump stages or the 
even-numbered pump stages. 

[0050] Referring to FIG. 6(b), a charge pump stage 62 includes 

two NMOS transistors 621 and 622 and two pump capaci- 
tors 623 and 624. When the clock signal CLKS1 is low and 
the clock signal CLKS2 is high, the NMOS transistor 622 is 
turned on and the pump capacitor 623 is charged to the 
supply voltage source V . At this moment, the NMOS 
transistor 621 is turned off. When the clock signal CLKS1 
becomes high and the clock signal CLKS2 becomes low, 
the pump capacitor 624 pulls downward the gate voltage 



of the NMOS transistor 622 and then turns off the NMOS 
transistor 622 while the pump capacitor 623 pushes up- 
ward the gate voltage of the NMOS transistor 621 over the 
supply voltage source V and then turns on the NMOS 

in 

transistor 621. As a result, the pump capacitor 624 is 
charged to the complete supply voltage source V without 

in 

any loss of voltage due to the forward diode drop. When 
the clock signal CLKS1 becomes low again and the clock 
signal CLKS2 becomes high again, the NMOS transistor 
621 is turned off due to the fall of the gate voltage, and 
the soft-start pumping voltage V is boosted to the sup- 

pps 

ply voltage source V jn plus the modulating clock ampli- 
tude V . 

elk 

[0051] Referring to FIG. 6(c), a charge pump stage 63 includes 

two NMOS transistors 631 and 633 and two PMOS transis- 
tors 632 and 634, constructed as a cross-coupled latch 
circuit. The charge pump stage 63 further includes two 
pump capacitors 635 and 636 driven by the clock signals 
CLKS1 and CLKS2, respectively. When the clock signal 
CLKS1 is high and the clock signal CLKS2 is low, the NMOS 
transistor 631 is turned on and the pump capacitor 636 is 
charged to the supply voltage source V . When the clock 

in 

signal CLKS1 becomes low and the clock signal CLKS2 be- 



comes high, the PMOS transistor 632 is turned on for 
boosting the soft-start pumping voltage V to the sup- 

pps 

ply voltage source V plus the modulating clock ampli- 

in 

tude V . At this moment, the NMOS transistor 633 is also 

elk 

turned on for charging the pump capacitor 635 to the 
supply voltage source V . When the clock signal CLKS1 
becomes high again and the clock signal CLKS2 becomes 
low again, the PMOS transistor 634 is turned on for 
boosting the soft-start pumping voltage V to the sup- 

pps 

ply voltage source V plus the modulating clock ampli- 

in 

tudeV . 

elk 

[0052] while the invention has been described by way of exam- 
ples and in terms of preferred embodiments, it is to be 
understood that the invention is not limited to the dis- 
closed embodiments. To the contrary, it is intended to 
cover various modifications. Therefore, the scope of the 
appended claims should be accorded the broadest inter- 
pretation so as to encompass all such modifications. 



